Objective. To examine state and community factors that contributed to geographic variation in qualified health plan selection during the first open enrollment period. Data Sources/Study Setting. Administrative data on qualified health plan selections at the ZIP code area merged with survey estimates from the American Community Survey. Study Design. Descriptive and regression analyses. Data Collection/Extraction Methods. Data were generated by healthcare.gov and from a household survey. Principal Findings. Thirty-one percent of the variation in qualified health plan selection ratios resulted from between-state differences, and the rest was driven by local area differences. Education, language, age, gender, and the ethnic composition of communities contributed to disparate levels of plan selection. Medicaid expansion states had a qualified health plan selection ratio that was 4.4 points lower than non-Medicaid expansion states, controlling for covariates. Conclusions. Our results suggest community-level differences in the intensity or receptiveness to outreach and enrollment activities during the first open enrollment period. Key Words. Health insurance marketplace, qualified health plan (2016) estimates that 54 percent of the potential market has yet to enroll, and there has been tremendous variation between the states. Existing estimates suggest that over 60 percent of the potential market in Florida has selected a plan versus less than 25 percent in states such as Minnesota
and Iowa (KFF 2016) . There is also substantial geographic variation within the states. For example, in the state of Texas alone, the share of the target market that had obtained a plan at the close of the first open enrollment period ranged from 6 to 51 percent across different communities (KFF 2014b) .
Identifying the population and policy factors that contribute to geographic variation in take-up is critical to developing efficient outreach strategies and devising policy options that will decrease barriers to enrollment. High take-up and retention is needed to promote population health and financial well-being, while promoting stability in the marketplaces. The goal of this research brief was to examine the state and community factors that contributed to geographic variation in QHP selection in states that used healthcare.gov during the first open enrollment period (OEP1).
Our analysis contributes to four developing strands of evidence on the Health Insurance Marketplaces. Analyses of individual-level administrative data have found that the majority of consumers are women and are older than 35 (ASPE 2014a). Most consumers (around 85 percent) receive financial assistance and appear sensitive to premiums (Burke, Mirsa, and Sheingold 2014) . Survey research has focused on estimating changes in the number of uninsured and have found that (by 2015) between 14 and 17 million adults had gained coverage since the end of 2013, with larger gains for low-income, nonwhites, and Medicaid expansion state residents (ASPE 2015; Carman, Eibner, and Paddock 2015; Long et al. 2015) . Other studies have examined variation in premiums and suggest that the type of exchange (clearinghouse vs. active purchaser) and the composition of rating areas have important effects on premiums (Dickstein et al. 2015; Krinn, Karaca-Mandic, and Blewett 2015) .
The research most similar to ours pairs aggregated counts of QHP enrollment with survey estimates to measure a selection rate defined as the number of people that have selected a QHP divided by the number of likely market participants (Enroll American 2014; KFF 2014a; Buettgens, Kenney, and Pan 2015; Drake, Abraham, and McCullough 2016) . Previous estimates have been produced at the state, county, or Public Use Microdata Area (a statistical geography of about 100,000 people) and have been used to describe the extent of geographic variation in plan selection, but not the full range of potential community and policy factors associated with higher or lower levels (the exception being Drake, Abraham, and McCullough 2015) . We contribute to this line of inquiry by examining much lower levels of geography than previously described: ZIP code areas. We did not aggregate our data to a higher level (e.g., rating area or county) because there is often substantial variation in the health and socioeconomic character of communities within the same county (cf. Yen and Kaplan 1999; Ponce et al. 2005; Yousey-Hindes and Hadler 2011) . Similarly, we expected consumer demand, barriers to enrollment, and ultimately QHP selection to also vary at the subcounty level. Finally, our focus on ZCTAs aligns our study with evidence from qualitative studies of consumers that suggest that outreach tailored to the local community might benefit enrollment (Martin et al. 2014) . In addition to examining lower levels of geography, we also provide new evidence on the association of QHP selection with community-level factors.
METHODS

QHP Data
QHP data came from the Office of the Assistant Secretary of Planning and Evaluation (ASPE) (ASPE 2014b). For each ZIP code in the 36 states that used healthcare.gov in OEP1, the file indicated the count of individuals that selected a QHP. We focused on OEP1 because that allowed us to unambiguously interpret the plan count as the number of new enrollments. We chose not to use data from the subsequent open enrollment periods because ASPE pools new enrollment and renewals, which may be influenced by different factors. Nevertheless, we conducted a sensitivity analysis using OEP2 data to see if the results differed (Appendix).
To protect confidentiality, ASPE suppressed data for ZIPs that had less than 50 plan selections. This affected 5 percent of QHP selection, but 59.6 percent of ZIPs. As might be expected, many (82 percent) but not all of the missing ZIPs were rural. In our main analysis, we included the missing ZIPs by imputing plan selection counts. This was done by allocating the difference between the complete state count and the state count inferred by nonmissing cells within a state. The allocation was done proportional to population size, but no area was allocated more than 49 plans. Our regression models included an indicator that flags when a ZIP was imputed. Sensitivity analyses demonstrated that results did not differ when removing the imputed cells (Table A2) .
Community Characteristics and Qualified Health Plan Selection
After imputing missing data, we converted ZIP codes to ZIP code tabulation areas (ZCTAs) to be compatible with Census geography.
QHP selection levels were determined by the size of the population eligible to select a plan and the proportion of eligible consumers that took-up coverage. Our primary interest was in variation in take-up rather than variation in the eligible population, so we had to account for differences in population size. We accomplished that by using a population denominator obtained from the 2009-2013 American Community Survey (ACS). The clear advantage of the ACS is that it provides a large set of demographic estimates at low levels of geography. The main disadvantage is that ZCTA estimates from the ACS are only available in prepopulated tables which precluded us from creating custom variables specific to this analysis.
Any legally residing, nonincarcerated individual can buy coverage through a Marketplace. This suggests that the true participation rate denominator would only exclude undocumented immigrants and incarcerated individuals. However, some consumers are very unlikely to ever select a plan, so it makes little sense to include such people in a QHP market definition. The Kaiser Family Foundation's (KFF) definition of the likely QHP market starts with people who are either uninsured or have nongroup or certain types of group coverage (KFF 2014a). They then exclude those with income below 100 percent of poverty or below Medicaid/CHIP eligibility levels (whichever is higher), those that they impute to have an employer offer, and those that they impute to be nonlegal residents. The Census Bureau's prepopulated ZCTAlevel tables from the ACS do not include all the needed inputs to replicate the KFF definition. Instead, we used a broader denominator that was feasible with available data: nonelderly individuals that were either uninsured or had only an individual market plan. We divided QHP selection counts by this denominator to construct a measure we refer to as the QHP ratio. We multiply the result by 100 so that the ratio indicates the number of plan selections per 100 nonelderly people that were uninsured or covered in the individual market on an average day in the 2009-2013 period. We do not interpret the ratio as a QHP participation rate because our denominator does not reflect the exact universe of people that could potentially purchase a QHP.
Explanatory Variables
Sociodemographic factors came from the 2009-2013 ACS and reflected the characteristics of the entire ZCTA (we were unable to control for characteristics of the denominator due to limitations of using prepopulated tables). The QHP ratio is likely influenced by income, immigration, and employer offers -factors that determine eligibility for premium subsidies, for example, advanced premium tax credits (APTCs). We controlled for the percent of the ZCTA that had family incomes between 100 and 400 percent FPL in states that did not expand Medicaid or between 139 and 400 percent in states that did. Unfortunately, the Census does not release detailed income by health insurance statistics, so we were unable to include income in the denominator of the QHP ratio in our ZCTA analysis. However, we explore this issue in more depth in a robustness analysis (see below). We also controlled for the fraction of the ZCTA that was noncitizen (the ACS lacks a more detailed measure of legal residency). Finally, we included an imputed measure of employer health insurance offer rates using industry-specific data for private employees, obtained from the Medical Expenditure Panel Survey-Insurance Component (MEPS-IC). The imputed variable was set equal to the product of the national, industry-specific offer rate and the fraction of workers employed in that industry for each given ZCTA. The other coefficients in the model are robust to excluding this imputed variable.
Other demographic covariates included gender, race/ethnicity (percent white, non-Hispanic), and age structure (percent age 35-84). Social covariates included the percent of 15+ year olds that were married, the percent of the nonelderly population that had a functional disability, the percent that spoke English less than very well, the percent of 25+ year olds that had less than a high school education, and the percent of the labor force that was unemployed. We also included an indicator for rural status which we obtained from the Missouri Census Data Center.
We hypothesized that premiums would be negatively correlated with QHP ratios. We obtained premiums for the second-lowest cost silver plan for 27 year olds from HIX Compare (Breakaway Policy Strategies 2014). Premiums varied by rating areas which we translated to ZCTAs. We excluded Nebraska, Alaska, and Idaho because they defined rating areas using threedigit ZIP codes that could not be cross-walked to ZCTAs.
We hypothesized that provider supply would be positively associated with QHP ratios. The availability of providers could make QHPs more attractive, or selection could be facilitated by medical professionals. This might be especially true of federally qualified health centers (FHQCs), which received substantial funding to support enrollment activities during OEP1 (Volk et al. 2014) . However, the presence of safety-net clinics might discourage QHP selection if they act as substitutes for health insurance coverage. We obtained two measures of primary care supply (as of 2010), from the Health Resources and Services Administration's Data Warehouse, at the primary care service area (PCSA) (Goodman et al. 2003) . We included the number of primary care physicians per 100,000 persons and the combined number of FQHCs, rural health centers, and "look-alikes" per 100,000 persons.
We considered three state policy measures (see Appendix for coding). The first indicated if the state had expanded Medicaid at the time of OEP1. The expansion decision could have had spillovers on the QHP market if outreach for Medicaid and QHPs were complements (leading to more QHP selection). However, the added complexity might have made enrollment and marketing more confusing or divisive (leading to less QHP selection). We also examined if state versus federal responsibility for Medicaid eligibility determination affected QHP ratios. Each state can opt to have the federal government ("federal determination states"), or the state ("assessment states") makes final decisions on Medicaid determinations in the Marketplaces. This policy parameter could affect who enrolled in Medicaid versus a QHP. If states retained determination authority, they may have an incentive to be conservative in Medicaid determinations because of their financial liability in Medicaid enrollment (leading to more QHP selection). There could also be different experiences of eligibility determination by consumers (e.g., length until notification) that could affect QHP selection. Finally, we examined the type of Marketplace. We were not able to include State-Based Marketplaces, but we differentiated between states that were federally supported or partnership states (referred to as partnership states) and states that were federally facilitated. We had no specific expectations regarding how partnership status would affect QHP ratios, other than it shaped the institutional environment that consumers navigated.
Analysis
Our units of analysis were ZCTAs, and our estimates should not be interpreted as reflecting individual behavior. Our final file consisted of 22,356 ZCTAs from 33 states. We used maps and box plots to inspect geographic distributions. We then estimated a regression model that used a beta distribution to account for a nonnormally distributed outcome (Ferrari and Cribari-Neto 2004) . Our beta regression approach was designed for proportion data and is not appropriate when values are greater than or equal to 1. Thus, we did not include data from ZCTAs that had QHP ratios equal to or exceeding 1 (n = 50). The model and all descriptive statistics were weighted by the size of each ZCTA's nonelderly civilian noninstitutionalized population. We entered Notes. The QHP ratio is defined as the number of unique plan selections divided by the number of nonelderly people that are either uninsured or have only an individual market plan, multiplied by 100. NA refers to areas that were specifically excluded or could not be merged. n = 22,356. The weighted QHP ratio mean was 13.6, and it ranged from 0 to 98. The box plots in Figure 2 further explore the distribution. The graph suggests substantial heterogeneity between and within states. To decompose the total variance into ZCTA and state variability, we fitted an empty random effects model allowing for random state intercepts (i.e., ZCTAs were nested within states). The model suggested that 31 percent of the variation was attributable to state variation (95 percent CI: 22 percent, 42 percent). In other words, the majority of the variation occurred between communities, not states. We also estimated the relative variation that occurred between and within counties by replacing the random state effects with random county effects. We found that 32 percent of variation occurred between counties. This held true if we nested ZCTAs within counties and counties within states. Cook County, IL, provides a useful anecdote for exemplifying the utility of our ZCTA-level approach. If we had aggregated our data at the county level, we would have observed a QHP ratio of 10.0. However, the QHP ratios of the ZCTAs within Cook County ranged from 2.7 to 57.7 and had a standard deviation of 4.3. The within-county variation in QHP selection in Cook County may not be surprising given the broader geographic distribution of socioeconomics within the county (U.S. Census Bureau 2015) . Table 1 presents results from the beta regression. The first column lists the weighted mean and standard deviation (when appropriate) for a given characteristic. For example, 22.3 percent of ZCTAs are located in a Medicaid expansion state. The average premium for the second-lowest cost silver plan (for 27 year olds) was $215.20 with a standard deviation of $36.50.
The second set of columns describes the adjusted change in QHP ratios given a change in each community characteristic (marginal effect). Location in a Medicaid expansion state was associated with a 4.4 point lower QHP ratio (p < .001). Location in a federal determination state was also associated with a significantly lower QHP ratio. The association between partnership status and QHP ratios was nonsignificant.
A one standard deviation increase in the share that was 35-64 years old (a change of 5.3 percentage points) was associated with a 3.7-point increase in the QHP ratio (p < .001). The percent female was also positively associated with the QHP ratio. The percent that was Hispanic was negatively associated, but interestingly, a one standard deviation increase in the percent that was non-English speaking was associated with a 2.4-point increase in the outcome (p < .001). We were concerned that language may have been collinear with ethnicity and/or citizenship status. However, the coefficient on the language variable was 1.6 (p < .001) when excluding ethnicity and citizenship.
The percent that had incomes in the APTC range was positively associated with QHP selection as anticipated. However, the other variables related to APTC eligibility, citizenship status, and imputed employer offers did not have a statistically significant association with the outcome. Unemployment was associated with a statistically significant increase in the QHP ratio. A one standard deviation increase in the percent of adults with less than a high school degree was associated with a 4.6-point decrease in the QHP ratio (p < .001).
The association between premiums and the outcome was not statistically significant. Unemployment and primary care physician supply at the PCSA level were positively correlated with the QHP ratio at a significant level, but the number of per capita safety-net clinics was not.
Robustness
The largest concern to internal validity we faced is that it was possible that the variables we included in our model were correlated with unmeasured determinants of the QHP ratio. For example, while we controlled for communitywide income, we did not control for the income distribution of the population in our denominator because such data are not available at the ZCTA level. To help understand how important this specific limitation was to our conclusions, we conducted a robustness test based on PUMA-level estimates derived from microdata (Appendix). In these data, we observed less geographic detail, but we had more control over the denominator which we defined as nonelderly citizens above 100 percent FPL and Medicaid/CHIP income eligibility limits, and either uninsured or enrolled in a nongroup plan. If the results we obtained from the PUMA-level regression were substantially different than our preferred ZCTA-level model, it would suggest that our results were biased by spurious correlations arising from variation in the size of the likely QHP mark that was not being measured by our controls. However, the results showed a similar pattern. In other sensitivity analyses, we found that our findings were not sensitive to alternative model specifications (Poisson, GLM, OLS), to excluding imputed cells, or to using OEP2 plan selection data as the dependent variable (Appendix). The last of these tests was particularly important because it demonstrated that the OEP1 results were not an artifact of the technological problems that affected healthcare.gov during OEP1.
DISCUSSION
Qualified health plans offered through Health Insurance Marketplaces are one of the main vehicles established by the Affordable Care Act for individuals, their families, and small business to purchase health insurance coverage. The Marketplace provides information to consumers, facilitates enrollment, and provides premium subsidies to income eligible enrollees. Identifying the population and policy factors that contribute to geographic variation in takeup is important to developing and refining policies and enrollment strategies. Robust Marketplace enrollment is important to public health, consumers' financial well-being, and to the stability of the exchanges. In this descriptive study, we present early evidence on the predictors of geographic variation in QHP ratios in 33 states that used healthcare.gov during the first open enrollment period. The primary limitation of this study was that we could not perfectly measure APTC eligibility, the primary conceptual factor affecting the likelihood of QHP selection. It is possible that unmeasured variation in APTC eligibility was correlated with other variables in our model, leading to biased coefficients. However, community-level income, citizenship status, and imputed employer offer rates mitigated this risk. Furthermore, a robustness test showed that our ZCTA results were similar to PUMA-level estimates that came from microdata and used a narrower definition of market size. It is also important to note that Community Characteristics and Qualified Health Plan Selectionwhile we used a different measure than the KFF, both approaches yielded similar geographic variation. KFF's OEP1 estimate for the states we observed was 26.4 percent (vs. our estimate of 13.1), but the Spearman rank correlation between our state-level estimates and those from Kaiser was 0.91 (Appendix).
Our results suggest that at the end of OEP1, a substantial share of the population likely to benefit from a QHP had not enrolled, a trend that continued through the end of OEP2 (Appendix). We found substantial geographic variation in QHP ratios that was concentrated at low levels of geography. Enrollment in communities with low levels of take-up might benefit from additional outreach efforts tailored to the local context. Our results complement recent qualitative research that stresses the importance of messaging tailored to local conditions and attitudes (Martin et al. 2014) .
Our results suggest several factors that may help in targeting and tailoring outreach. We found that the percent of people aged 35-64 and the percent female were positively associated with QHP ratios. Interestingly, the share of non-English speakers was also positively associated with QHP ratios. Possible explanations could include more pent-up demand, or that the individual mandate was more salient in communities that are more likely to deal with immigration officials. The percent Hispanic, percent of adults with less than a high school education, and percent unemployed were associated with lower rates, suggesting that future outreach should target communities with these characteristics.
We observed a moderate but positive correlation between QHP ratios and primary care physician supply, suggesting that providers may play a role in increasing community-level plan selection either through increasing the value of insurance or by disseminating information. However, the evidence on the role of providers was mixed as we did not find evidence that the number of safety-net clinics mattered.
In our model, premium levels did not have a significant association with plan selection. Given that we observed actual premiums and not APTC-adjusted premiums and 85 percent of consumers received financial assistance, this may not be surprising. Previous research suggests that consumers opt for plans in their choice set that have lower premiums (Burke, Mirsa, and Sheingold 2014) . Our results (from aggregate data) do not contradict such an effect.
While we found that within-state variation appeared to be paramount, there was still important variation between states. Most important, Medicaid expansion states tended to have lower QHP ratios even after controlling for income and measures of immigration and employer coverage offers. This association persisted in OEP2, in our PUMA-level robustness test (Appendix), and is consistent with other research (KFF 2014b; Buettgens, Kenney, and Pan 2015; Drake, Abraham, and McCullough 2015) . Buettgens, Kenney, and Pan (2015) suggest that this pattern is driven by differential QHP selection among non-Medicaid eligible consumers with incomes less than 150 percent of poverty. It could be that states that expanded Medicaid added complexity to consumer options which may have made marketing more confusing and/or increased the perceived complexity of enrollment (leading to less QHP selection). Confusion would likely be the highest for expansion state residence near the margin of APTC and Medicaid eligibility (i.e., below 150 percent FPL). These results in combination with previous qualitative research suggest that clarifying coverage options in low-income communities located in expansion states may increase QHP enrollment (Martin et al. 2014) . We also found that areas located in federal determination states had lower QHP ratios. The association we observed could result from a tendency by the federal government to be less conservative in Medicaid determination (resulting in more consumers ending up on Medicaid) and/or different consumer experiences that result in different QHP ratios.
In addition to describing the amount of geographic variation in QHP ratios during OEP1 and identifying important policy and sociodemographic factors associated with that variation, this brief demonstrated a relatively simple method of monitoring QHP selection levels. Our approach was based on publically available data and could easily be replicated by state analysts or other parties interested in tracking QHP enrollment.
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